The present work was to assess the effect of thermoelastic behavior on interface debonding and nanoparticulate fracture in AA1100/titanium nitride nanoparticulate metal matrix composites. TiN is used for making of artificial limbs, biological materials and cutting tools. The RVE models were used to analyze thermo-elastic behavior. The stiffness of AA1100/titanium nitride nanoparticle metal matrix composites decreased with the increase of temperature. The debonding of interface/interphase between AA1100 alloy matrix and TiN nanoparticle was observed at temperatures ranging from 0 o C to 200 o C. Fracture of TiN nanoparticulates was witnessed above 200 o C heating of the composites.
Introduction
For metal matrix composites comprising of nanoparticulates and metal matrix, thermal stability is very vital to judge the fitness of these materials in various applications [1, 2] . For matrix materials, aluminum alloys are appreciated because of their low density and high ductility. However, they are deficient in strength and stiffness. Several reinforcing materials were tested to improve strength and stiffness. Important nanoparticulates are silicon carbide [3] [4] [5] [6] , alumina [7] [8] [9] , alumina trihydrate [10] , carbon [11, 12] , silicon nitride [13, 15] , boron carbide [16] , titanium boride [17] [18] , etc.
Titanium nitride (TiN) has high hardness, high-temperature chemical stability and excellent thermal conductivity. TiN is used for making of artificial limbs, biological materials and cutting tools. AA1100 alloy is having excellent forming characteristics. It is broadly employed for manufacturing of fin stock, heat exchanger fins and cooking utensils. The importance of the present work was to combine the forming characteristics of AA1100 alloy and chemical stability and thermal conductivity of TiN nanoparticles.
The present work was to explore the effect of thermoelastic behavior on interfacial debonding and particulate fracture in the nanoparticulate TiN/AA1100 alloy matrix composites. Finite element analysis (FEA) was executed to assess thermoelastic behavior of metal matrix composites using representative volume element (RVE) subjected to hydrostatic and isothermal loading.
Material and Methods
The shear lag model [19] has been used to describe the build up and transfer of particle stress, σ p from the point where the particle enters the matrix to some point along the particle axis where the tensile stress has decayed to zero. Failure of the particle/matrix interface occurs when the interfacial shear strength, max, is reached.
The shear lag distribution of strain, along a fully bonded particle can be described by [19] e app = e p sibh n L e −x r sinH (ns ) (1) where e app is the strain acting on the particle outside the matrix, e p is the particle strain at a distance x inside the matrix, Le is the embedded length, r is the particle radius and s is the particle aspect ratio (L e /r). The n parameter used in this paper is based on the parameter [14, 15] :
where E p and G P ate the particle elastic and shear moduli, E m and G m are the elastic and shear moduli of the matrix. V p is the particle volume fraction and V m is the volume fraction of matrix. The corresponding interfacial stress,  at a distance x along the interface, is given by τ = 
is a maximum at the crack plane (x = 0). Since both the interfacial shear stress and the stress acting on the particle, are a maximum at the crack-plane then failure should be expected to initiate from this point. When x = 0, the Eq. (3) becomes:
If the particle deforms in an elastic manner (according to Hooke's law) then, τ = n 2 σ p (5) where σ p is the particle stress. If particle fracture occurs when the stress in the particle reaches its ultimate tensile strength, σ p,uts , then setting the boundary condition at σ p = σ p, uts (6) and substituting into Eq.(5) gives a relationship between the strength of the particle and the interfacial shear stress such that if σ P,uts < 2τ n (7) Licensed Under Creative Commons Attribution CC BY Then the particle will fracture. Similarly if interfacial debonding/yielding is considered to occur when the interfacial shear stress reaches its shear strength  =  max (8) Then by substituting Eq. (8) into Eq.(5) a boundary condition for particle/matrix interfacial fracture can be established whereby, τ max < nσ p 2 (9) This approach suggests that the outcome of a matrix crack impinging on an embedded particle depends on the balance between the particle strength and the shear strength of the interface.
Surface tractions, or stresses acting on an internal datum plane, are typically decomposed into three mutually orthogonal components. One component is normal to the surface and represents direct stress. The other two components are tangential to the surface and represent shear stresses. The definition of the tractions in terms of stresses is shown in figure 1 . A linear stress-strain relation [14] [15] [16] [17] [18] at the macro level can be formulated as follows: σ = Cε (10) where σ is macro stress, and ε represents macro total strain and C and is macro stiffness matrix. For plane strain conditions, the macro stress-macro strain relation [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] is as follows:
The interfacial tractions can be obtained by transforming the micro stresses at the interface as given in Eq. (3):
where, T = 0 0 0 cos 2 θ sin 2 θ 2sinθcosθ −sinθcosθ sinθcosθ cos 2 θ − sin 2 θ The matrix material was AA1100 alloy. The reinforcement nanoparticulate was TiN of average size 100nm. The properties of materials used in the present work are given in table 1. The volume fractions of TiN nanoparticles were 10% and 30%. In this paper, a square RVE (figure 2) was prepared to understand the thermoelastic behavior AA1100/ TiN nanocomposites. The PLANE183 element was used in the matrix and the nanoparticle in the RVE models. The interphase be-tween nanoparticle and matrix was discretized with CONTACT172 element [20] . Both isothermal and hydrostatic pressure loads were applied at the same time on the RVE models. 
Results and Discussion
The finite element analysis (FEA) was carried out at 0 o C to 300 o C at constant hydrostatic pressure load applied on RVE models.
Micromechanics of thermoelastic behavior
The increase of temperature increased the strains along xand y-directions of applied load (figure 3). The strains along the load direction (x) were higher than those along the transverse direction (y) of the applied load. This was because of additive effect of elastic (tensile) and thermal strains along load direction; subtraction of elastic strains (compressive) from thermal strains along transverse direction [21] . For composites having low volume fraction (10%) of TIN nanoparticles, the matrix AA1100 alloy had exposed to large strains along x-direction as the temperature changed from 0 o C to 300 o C temperature as showed in figure 4a . The same kind of trend was observed along y-direction except at 0 o C (figure 4b) wherein the nanoparticle (TiN) experienced high strains. For composites comprising high volume fraction (30%) of TiN nanoparticles, large strains were induced either in nanoparticles or at the interphase as the temperature increased from 100 o C to 300 o C ( figure 5 ).
Figure 6:
Influence of temperature on strength.
The stresses induced in the composites increased with the increase of temperature as shown in figure 6 . This indicates the softening of composites due to increase of temperature even though the hydrostatic pressure unchanged. The stress induced along x-direction was higher than that induced along y-direction of hydrostatic pressure loading. The tensile elastic modulus decreased with the increase of temperature ( figure 9 ). The elastic modulus was higher along x-direction (load direction) than that along transverse (y) direction of hydrostatic loading. Even though strains developed along y-direction were low, the elastic modulus along y-direction was low owing to very low stress (numerator component of elastic modulus formula i.e. stress/strain) developed. The major Poisson's ratio increased with increase of temperature ( figure 10 ). Poisson's ratio is bounded by the ratio of Young's moduli E as mentioned in figure 10 . 
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Conclusions
The thermoelastic strains and stresses induced in the AA1100/TiN composites were directly proportional to temperature. The elastic moduli decreased with increase of temperature. The debonding of interface/interphase between AA1100 alloy matrix and TiN nanoparticle was observed in the composites heated below 200 o C. TiN nanoparticles were fractured when the composites were heated above 200 o C. 
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